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^^mm.^ — ^m^^m,^fl^ ^(optical 

ication system) t ^ PI m ^ 7t#(tunable 
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7^ ' ^X^m^^ i^mzm ■ Wavelength Stabilizing Apparatus and Control Method) 

A wavelength stabilizing apparatus utilized in 
an optical communication system for controlling a 
light wave output from a tunable component is 
disclosed. The wavelength stabilizing apparatus 
includes a coarse- tunn i ng element, a fine-tunning 
element, and a servo element. To implement the 

wavelength stabilizing apparatus, we use the 
coarse- tunn i ng element and the fine-tunning 
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20 - tIq a 5i 5^ 

3 0 ~ ^ ^'i ^ TO 

60 ~ -S: # ^ tS: # 

^ ^ m ^s. 

6 3 — -fs] Jig. it # 
611 ^ 621 ~ ife. 7t # 
6 1 2 ~ Tt. ^ ?t it # 
Q22 ^ ^ S.- m ^> ^ A 
^ 110 M20 M30 M31 >132 M33 M34~ife/:^ 
613 >614 ^623 >624'-7t^^. ^it# 
51^52^5 3, ^54~f:^mM; 



5^ ^ ^SL^mm^ i^m^M • Wavelength Stabilizing Apparatus and Control Method) 

element to simultaneously and respectively process 
the light wave output from a tunable component, 
and use the servo element to receive the processed 
light waves and transform them into electric 
signals. Specifically, the electric signals from 
the coarse-tunning element are served as a basic 
signal for confirming a correct channel while the 
electric signals from the fine-tunning element are 
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^ - ^X^^n^^ (#8^^^ : Wavelength Stabilizing Apparatus and Control Method) 

served as an error signal for further adjusting 
the light wave. After that, we make a logical 
operation with these electric signals to obtain a 
control signal to control the tunable component. 
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(1) y 

^ # §a - ^ ^-4. -R: ^ tS: # it -i: # ;t ^ f-J :^ 

- ^ [ ^ ^ ^ ] 

^ * -t" ^'J ^ T ^ /t ^ ' -f^-J T ^ ^ jr 4t ife if. 
(tunable laser source) ♦ :^^Iic4^^ii-R:6^/:^iti-x^g^^ 

-t-*^^ ' Silt ' ^^-g:#^^ia'rt'#:ffl^>f5IJiB.^f'J 
(servo controlling)-^l^^7t#m^i±1^7fe/:^ ' a#v^^ 

- St 6t 4^ ;t ' ^ \H ^ t ' ^ ® # #'J ^ U S 

6, 289, 028 3^ ^ 7 BpI 6^1 ^ 4t S o 

© 1 #. - t> ® ' 7F f -^r € ^ 4^ t - -R: 
* i*: -R: ;t ^ 4 # "j^ ' it ii§ -i: # ;t ^ 4 7t 3 

-i: ;t P4 ifii T ' it ^^11 it ^ Tfe. ^(beam 
spl i tter)41 fln ^ ^ ^ ' - it 1 2 ^J. * - >i 

^ J6 H :^( Fabry -Perot Etalon)42^^^-7t'f^ 

7t 'f^( phot ode tec tor) 44 » ^-^^ife.?^13M*^->^ 
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s-^^mn^ (2) { 

^ s.- i& mm ^ ^^^^^ - ^ 7t #45 ' m ^ ' 

^ ^ ^ ^ ^ 7t #44 ^ }^ m m ^ n ^ ^ % ^ tfL 

^ a Si: ^ % - 3^ m m ^ A ^ }^ ^ i ?k i^js ^ m ^ >^ ^ s.- 

m m ^ ^ ^ ^ }^ m t m ^ ^ i^t iH "tM. ' Transmi ttance ) 4:, 
® ' ^ ;3'J * it ^ 7t #44 -^45 tf >!t ^ i ^i: ^ S - 

J6 H # 2^ ^4 2 ^43 ^ ^ >^ ^ M ^ " m t PD Wl. it. 2 it 
>^ ^ J6 # 2|L ^42 ^ ^ ;!t ^ * ' PD2 # it 3 it 
i >ir ^ J6 H # ip^ :Rr43 ;^^|^il4:.>!i^#^ > ^ t PDl 

PD2 ^ ^ fs'i ¥j ^ ^ % ^ in- ^ ^ m m. m ^ m ^ ^ ^ %- 

m ' m7f:iI2At;!i^A,4*.PD1.5.PD2i^^6^^^ (PDl- 
PD2 ) 'ifrj^tm.^^^^SLn5^?A^^^^t^-Mi^tfL 

# ^ ib 5- ^ f '] If- ;^ 3 it ^ ^ f 'J - 

it # >^ ;t ^ 6^ ^ w e S » <?n ' itb - f 

# 6^ ;t it 7t #(opt ical f i 1 t e r ) :ico >i: ;fii- ^ - J6 ft # ^ * ^ 
it ^ ;^ it ' <?i3 ' * '>if -f^. ffl M ^ ^ - J6 H # * 

ij M ^ fA i^js M. ^ m m ^ ^ ' 1-^ ' -^Sl 
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i ^ ^mt^m (3) 

^ ' ^ m M B t ' ^ ^ jl-^ }^ m ^ m m ^ 

IK ^ (PDl APD2 ) ^ MiiM. (PDl -.PD2 ) -ft >^ -f^ JiB. ^ f-J 60 ^ 
^ # it ( -ko XI ^ A 2 ^ A 3 ••• ) t J: # -sg JL # ^ 
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s-^^mim (4) ( 

m Bi - ^ m "it - ^ PI 7t ^ ^ m ^ m ^ ^ » 

^ * - ^ it TC # - - ;7fe. 7t # ^ - ife. >f^ ;fc^ it # - 7t 

7t ^ m (X m - ^ }^ ^ ^ ^ ^ ^ 7^ ' ife ^ it >iL 7C # # ffl 

a )jf # it t * - # ^ z:^ -i: ^ it 6^ - it ^ ♦ 

m ^ ^ 7t ^ % m i-X .Bl # ^. >^ -I: iic. >^ J- * # 

^ ^ ^ ^ 1H. H • 

^ ^ - ^ it 7C # - — }^ ^ S.- }^ ^ m ^ ^(Fabry-Perot 

1^ it ' /'i: ^ J6 li # ffl a n # it t * # 

:^ it ^ it ^ ^ {ij • it -f^ ^ it # ffl a # .j^c # 

;tit#^>;^-^^it>iL-§->if^#^:^i^'t^m^ ° 

^ j-x ^ ^ It € ^ m ^ j-x it # - tn -4 s ' # ' ffl jx 

71^^^^^ ' se. >^ ^'J ffl ^ ^ +^ §fj it -f^ ^ it # 6^1 t ^ 

--i->GS^:^itji^aj-4*. ^jiL-S:it^^- . 

% t ^ A / # -8^ 4:, ^ S - J6 H # i?. * se. f. ^ 
* # - M ^ ^ ' a >f^. it it ^ ^ Ji. - J6 H # * ^1. S ^ 

(Phase Difference ) > it ffn tl- 
^ ^ ^ ^ Ml ^ ' #<t*h;5i6<jit'f^*^it#a^^I5I6^jii^ 




^ 9 I 



s.>^mtzm (5) { 
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jL-^mi^m (6) 

^ }!k-k m"^ n. ^BQ ^ <^ ^ -km ^ tst ^eo ^ ^ ^-j ^ it 

- ^ ^ }^ 7t ^^Q\2 JSL ^ ^ ^ 7t #.613 ^614 ' t ' ^ 

^- J6 H :R-(Fabry-Pero t Etalon)622 ^ ^ t^. -fA ^ it # 

623 ^624 - 

^ ;5fe # ;C ^ f 'J ^ T idL : 

-r ^ ' # 7^. >iL 1 1 0 it ^ T^c. it # 6 1 ' ife it # 6 1 1 
^ ^ - m. m ^ ^ m ^ 7^110 ^ }kl20 JSL ^ ';k.l30 ' Sn^ 

^ M ^ ® # il^ it ?iLl30 ^ ^ ife. 31 ^ ife. ?^132 - tm ' ^ 
ifeit#611:5l^^'II^'Jffi-Mm® ' ^? ^ m ^ i^llO ^ 
120 M31A132Xj^it/:^ » 

^ ^ ' g&^;5^^ife.it# 6111^^ ^^;^it# 613:^ Pal 
^ it >^ it # 6 1 2 ^ ^ ^If ife. 1 2 0 - ^> >^ it it # ^ 

51 <• lib ^'h ' ^ ^ ^^QIA t ^ ^ ^ iklZl 3. ^ ^ ^ ^ ^ - 
t -I" m !^52 » 

m ' ^ilc.it#621#ll^ife.^^l3Z^ic^*^IS]^ife/:& 
133 >JL ife i*.134 «• ^ ^ ' Se. ^ ;^ ^ ife it #621 II ife -f^ ^ #623 
^624^ Pal .l|;|^ip::Sr622 •#-^;5'J>lf7fe^^l33>5.it 

1 3 4 t * - # ;t ^ ife >iL ^ 4 ' ^'ik ' ^ M ^ ^ 

'f^*^#623>S.624^«l^ ' J.^^;5'J#^l^^t^mife53>S.54 • 
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i'-Sf-^ta.8« (7) 





^ m 7t #63 # «Bt Ji ii^ 


f: -f- m ^51 ^52 ^53 






54 ' it it ^ 


- m ^ ^ s • ' 


-fs] m it # 6 3 'J ffi ^ -f- 






51 A ^ ^ m 




^ ^ ^ >s|i IS^ J& it 






^ ♦ Ji se. 


^'J^t:^mi^53^t 


^ m ^54 ^ Mi ^ 






^ A ^SJ Jig. ^2 


m ^ ^ Mi M^ ' ^ ^ 


' ^it-^^jf^^ife 
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^ >fb 6(1 ^ 


^ ' ^ m m ^ 


m M;5l ^ t m ^52 


6(J 












m ?^53 ^ ^ 


^ m 1^54 6(1 J: >fflL 1^ a 


€ ^ m Ife52 m ^ ^ tt 








^'fsIJig.^^j6(j^J:tR. 









^ >i * 6(j ' ^ * ^fe ^J-i t 6(1 ^ 7^. it # 6 1 1 ^ 6 2 1 ^ a 
' '75^ a ^ ^ ' -f?'] it ^> 7t ^ ^ . flQ )lf - it. 

♦ ^ ife. it #61 1 >a621 '7l^^a4:*^ife^^^^.^^6(;- 
^ » ifc ' it i§ ife. ;>t- it # 6 1 2 ^ 7^ ^iL -I: If ^ 

# 1% f it ^ ^ * ^ - # ^ ^ ^ ^ ^ . ^ BI 7A ^7B 

/^TF - )jfit^/:^^^it#6 126(jiri^fit^ll^7A >5.7B ;fi Se. 
'^^PT'f^^fe^^A>s$m#^^^7ic.4L?:&it>^'f^4L^^ - 

tt ^ ^ Bl 3 B ' m % ^\^\ ^ - ^'^^ % 

.^t^f'J-Tt^^it^mittfa^-ilQ?^^^*:-^^. 

60a a ^ - ^ ^ ,^61a ^ - I© ^ ^ -te. 6 2 a >5L - -ff] m it 
#63 » >j!L,tb ' Tt^^it##^|-sri^^ife>>^.10 - 

4^ * ^fe t ' ^ ^ ^ li.6 1 a ^ # - it it # 
611a - - ife * it it #6 12 ^ j:- it it # 6 1 3 || 6 1 4 ' ^ 
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s.-^mi^m (8) 

m ^ m ^3.Qi ^ ^ 7t ^ m ^ m ^ m: ^Q2a m ^ ^ t - 

7fe.7t#621a > - >i: ^ M.- m U ^ > ^ ^ ^ 7t 

623^624 '*tl^ 7 15^^70 #621a 4l ^'h • ^ -te tc # i^i II ^ 
-f^^^?'j4Llot^.^;m^62t6*i7t#;tel5j » ^^f'^Sfe^^'Jt ' ^ 

ife7b# 621a ^'J^ - ili^lt^®(^^7F)^it'ft^it*& 
-ft » 

^ ^\ ^ }jk -k ^ ^ PI m -ko T m ^ ' 

-r^ ' 't7fe.^iLllOit^^^7fe.7t#611a^4 ' ^ife.it# 

6Tla^itm®(iK^^)^>lf7ic.>^110;^^7fe.^^l2 0>S.7t/:^ 
130 - 

# ^ ' S& S it. 70 # 6 1 1 a II Tfe -f^ ^ 7C # 6 1 3 ^ Pal 6^; 

7^ ^ 7t # 6 1 2 ^ ^ ife 1 2 0 6fj - ^> >iL it ^li # ^ 

M:51a » 

itbB^ ' ^7fe7t#621a^'J^-il^^m®(iKi^7F)l|^ife 
^^130^;^^7fe./:&140 M50A160 » ' ^ y^liO ^ ^ ^ ^ 

-f^^TG^eM^^tj^ ' JL>|f^#^iJ.-€^m^52a ° ffijSe. 
^:^^;^7lG7t#621a||7fe.'f^*^#623-S.624:^FBl 
H # *622 t J3'J )lf 7^ iSLlSO .a. ilc. i4.160 t - # ^ >iL -R: 
^ ^ >k'^ m a ' ^ # ;5'J * ifc ^ #62 3 >S.62 4 ^ .j^ ♦ J. 
^^'J#^^i(.t^m!^53aA54a» 

^ ' ^5] m 7t #63 # ^ tR ^51a - 5 2a-' 5 3 a >a 54a 
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s.^^mt^m (9) ( 
i-x it - m ffe -4 ^ » ^ ^ :5fe t ' 'Isl m 7t # 6 3 'J m € ^ 

1H. lt:5l a ^ f: ^ m M;5 2a tb ^J-J m -f^ ^ ^ ^ .5. -cS ta> -i: 

-f^ ^St ^ ^ >S. -fsj Ji. If m ^ n M.^ ^ - ' ^it-l^Jlf^ 

^7fc^-t^^b6*i^^^l^ . '75^^^'Jffl€^m^51a^^^ 
m 3^ 5 2 a tb ^ -f^ ^ ^1. ^ ^ .5. ^ tS -i: ^ 4t ♦ ii i& >^ 
#'Jffi •t-^m^53a|^^^mi^54a6^j;^'(i.l^al:^.-|fllt52a 
^#4Ltb^?-J<£'f^>^^l^^^>ffjm^f'j6*iml:tfLSfe « 

^ >i t 4: ' ^ t ^ ^ 7t #61 la >S.621a T ^ 

^^T^l^^^lt ' i'^'J^'^itif^^^Tt^^ ' ffi3^^7fe.7L#611a^ 

6 2 1 a ^ * ^ 7t * ^ ^ ^ .^5. ^ 6<j - ^ ^ .^jL ' ^ u it 
^^^-^lfe»;te^^^#4:.ife./:*.120 M30^140 ^150^ 

160 - A. 9b ' m. m ^ ^ 7^ 7t i^6i2 ^ ilk. }^ -k m n '^/(^ m 

f it ^ ^ fel ^ # - # ^ #f- # ^ ^ ^ # ' :&o g| 7 A ^7B ^/f 

° )lfife#;t-^^7t#6126^j^l^fit#I^SI7A>5L7B;Nae.^ 
5p "^r -f^ 4a ^ A >6$ m 4^ ;t ^ ^ it it /fsr ^ • 

% ^ t ^ m 

tf # £ ® 3C ' ^ ^ =. ^ ^ ^ - it it m I. 

,^ t ^ #'J - T ^ ^ 7t # ^ iii ^ - it ^ # ;t # 

60b & ^- ^l^^;}^.^61b - - ^^^M .^a62 >S. - ^s] m it # 

63 - ^iib ' -sr^^Tt^^a^i^^it^^io « 

f ^fe t ' 1^ ^ M .^6 1 b a ^ # - ^> it X. # 
611a ^ - it ^ ;t 7t #6 12b ^ - it -f^ 7L #613 ^6 14 > ^ 
tl^T^7t7t#611a ^ it^;^^&it#612b4^^h • ^ 7t ^ 
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(10) ( 

n ^ - m ^ u m ^ m ^ m 7t ^ ^ m » ^ m ^ m 

.^62 m & ^ # - ^ ^ 7t #62 1 - -ik^S.-i^mU^A 
(Fabry-Perot Etalon)622 - ^ ife. <^ *^ 6 2 3 ^ 6 2 4 « ^ 
*7t#^^|^-f^:5fe^J:5Llot^^;J^,^JL62t6*iit'f^;fil5l - 4^ 
^ ^fe -^J t • ^ Tfe 7t #61 la ^621 ^#*'J^-:li^®(iK!^ 
) ^ it e tIg t«f • 

^ * ^fe ^ i*. -fe # ^ ^ f 'J ^ T 3^ 
-r ^ ' ^ 7t ^6lla 1^ ^ }^\10 ^ ^ }^120 3. ^ ilk 
130 • 7t ^ 7t #612b m )lf Tfe ^*:120 ^ >fe itl21 ^ it 
122 o Tfe ^ #6 13 ^ .It Tfe >^121 J- ^ # t m Ife 

STb o ife.'f^;jt#614^4t7fe?^122J.;lf*#^^^t:^tfl^ 
52b » 

itb ' 7^ 7t # 6 2 1 Tfe. 1 3 0 ife 1 7 0 .5. ife. idL 

180 o ' Se.i;^^^^7^c.7t#621i%7fe'^^^#623^624-^LrB1 

>i- ^ ^- H # *6 2 2 ;§'J it /:^170 ^ 7t i^lSO t * - 
# ^ >^ * 41 ife ^ £b - ' ^ ^ ^Q23 ^ >\t ^ 7^110 

3. ^ ^ n ^ ^ % ^ m m.^db ' ffaife.'f^*^#624#.|t7t^4.180 
J- )lf * # ^ € m !^.5 4b » 

' ^g^g.7t#63#.j^L_Li4ti^1Tl^51b ^52b >53b 

52b ^ ^ m. m ^ 3. m }jk -k }Jk ^ ^ ^ ^ » ^-r^:- > ^'Jffl € 
i^mft:5ibi^af:^mife5ibii^^f:^tH.!i;52b4L#o . ^ 

€-f-tR.^51b;)^:i- t ^m?^52b^^#l^ a t -f-m^51b^ t 

m ^52b ^ • 3L m. ^ ^'i m -m ^ m ^53b ^ ^ © € ^ 
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3.^^m^m (11) ( 
^ ' ^ ^ ^ m ^51 b ?^ € ^ m ^52b ^ # 1^ Jit l: ^ fH. ^ 

51b|^f:^tH.^52b^^o ; ii S&'^^'Jffit:^m^53b^'t-f 
mi^54b&^iJ:'(ti^at^mi^51b||f:^til^52b6fj^m# 

ir ^ ^^-i t ' ^ 7t #6 11 a ^Q2l ^ ^ ^ > ^ ^ 

^ ^ ^ ' ^^-j ^ # ii ^t^ Tfe ^ ' ^ a m ^ }^ ^ m ^ ^ 

^ ^ ± ( ^ ^ ^ M ^ ^ ) ^ ^ ^ " jtt ^'h ' it 7t 
^^7t#612b4L7lc.i*L?iL-i:^lt:^'^||fit#^F=1:^^-#^ 
^ ^ ^ lii tt BpI # ' ii7A m - ^1^ ^fe ^ >iL to #6 1 2b 

^ ^ ^ 'A ^ ^ ^ ^ ' 
% it iH 

n ^ n.m2>\> ' % m it M ^ m ^ - ^ m.-m. 

6 0 c ^ # - ^ ^ ^ la 6 1 c > - U m ^ ^ 3. - 7t ^ 

63->j!E..H:.'T^^7t##^|-5r^^7loi^lO» 

^ t ^ ^ M .^Jl6 1 c ^ ^ ^ ^ ;7fe it # 

611a ^615 ^ - ife.^^t->:^it#612c^-^7t'f^>fs^7C#613|a 

614 ' ^tl^T^7feit#611a >615 ^ it.^;^^^7t#612c^ 

' ^ 7t ^ n % - it ^ ^ m ^ m ^ m 7t ^ 
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S.-^miZ^ (12) { 
m « ^it7t#611a*#k:I?-4tJm®(4t!i|7F) o ^ ^ ^ 
M62 m ^ ^ # - ^ 7^.. it #62 1 V — ^ S.- 0 # ^ 
(Fabry-Perot Etalon)622 > ^ it # 6 2 3 ^ 6 2 4 « 

-r ^ ' Tfe. 7t #611a ifc ?.^:110 ^ ^ ife. >^120 ^ Tfe. 
130 - ^ ife 7t #615 # ifc ^^120 ^ Tfe i*:123 >&124 • ^ <^ 
;t it # 6 1 2 c I'J 7t 1 2 3 ^ -- ^ it 1^ ' # * it -fl 
^ it #613 # "m. ^1^ * # ^ m ^51c - it^M*^#614 

# •It ifc ?:4.124 J-^l^*#^^f:^tH. ^52c « 

jtb ' ^ 7t #621 Jif ife. ?^130 ^ ^ tIg >>^170 ife 
18 0 ° # ^ ' S& X ;^ ^ it it # 6 2 1 # 7^ # 6 2 3 ^ 6 2 4 fal 

m m ^ m m ^ yjtno 3. ^ y^iso t*- 

# ^ 4:- it ^ 11^ ifc - ^ ' it -f^ ^ #623 # it ?:*.170 
3. m ^ m ^ ^ tfL ^^52c ' ffq it #624 it i^lSO 
j.;|f^#^^^-^mi^54c » 

^^1. ' 'fgJiS.it#63^»l^cJLiittt:^tfl^51c ^52c - 53c 

>s.54c j-x it # - in ^ >4 s ' ^'j ffl f: ^ m ifesic II € m !fe 

52c -ft ^ 1^ ^ ^ >Bg IS i*. it ^ ^ » ^ -r ' ^'J ffl € 

^ m 5 1 c >s. € in 5^ 5 2 c bt^HiM.^^ ^ m.' m ^ ^ ^ M -k 
i^it^^^^ ' iiae.'^^'Jffligt^tfL3^53c|at^^E3t^m 
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i>«-8^iaBfl (13) 

^m.-^m^>^^m*^4t¥jr^m^^ • ^ ^ m ^ ^ m 

^u5ic M ^ i^^52c ^ bt ^\ ^ -i^ ^ ^ m ^ >SL ^ n -k it 

m ^52c ^ it "(M. ^ ^ m ^ ^ ^ ^ PI ^ 

^ H: ^ ^ ^ ^j- ' ^'^i :Jco ^ it ^ ^> it ^ ^ ♦ ^ m ^ }^ ^ m 

^ it v:^ 70 #6 1 2c ifc >iL -R: ^ It ^ # #a f it ^ ^ ;^ - 

# ^ #1- 4L 1^; ^ « :{to H 7A .S. 7B o j|f ife. it it # 

# ^ li^ ^ ^ it ^ # - 
^ ^ ^ ;?fe ^i^J 

tt ^ ^ ii 4A ' ^ % s-.f <H m ^ m ^ - ^ 

it m t ^ ^'J - ^ 1^ ^ it # m ^ tB ^ - it ^ -fe ;C 

13:'^70;jf*-5r^^^*f7fe.i^.lO^ J±J 5.iio^it5^20^ - 
^}ik2\Q^i^ ' JL it -fs] m it #73 ^ ^ f'J ^ 7t30 ^ 1^ ^ ^ 

^ ^ it ^>«f. 1 0 ' }^ -k n :^ n ^ 1 0 ^ - m ^ m ^3.7 \ ^ - 

^ ^ .^72 A - ^5] ^g. it #73 » 

>^ ^fe #J t ' ^ 1^ ^ ^ ,^5.7 1 ^ ^ # ^ it it # 7 1 1 

712 > ^ it ^ ?t it #71 3 >g.714 > =. it -f^ it #715 -716 
^717 o ^^^;^.^72m ^^:S--^^itit#721 > - Si: ^ % 
- J6 II # ^(Fabry-Perot Etalon) 722 - ^ it -f^ ^ it # 
723>5.724 » -^:tit#i^^^-^^fe'^j4^^^l^^^,^62t6fj- 
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s-^^B^i^m (14) f 

ft^ ^ m ' ^ifeit#7ii ^712^721 ' A ^ m ^ m 
tt:) • ^^7fe7t#7ii ^ 712 JSL7 2\ ^ ^ m m m & c A m if^) 

^ ii^ ^\ ^ yj^i -k ^ ^ ^ m ^ ^ -kp T m ' 

^ ^ ' ^ ^ 7t #711 ' m ^ M m ^ 7ik2io ^ ^ 

>^220 A it ;^230 « 7t it #712 > ^^l ^ ^ ^ m ^ m ^ 7^220 

jH ^ 7^221 ^ ^ ijt222 o iic. ^ ?t /t #713 ' ^}i^22l 
^ ^ 71^223 JSl ^ 7^224 - ife^it>&it#714iff^/:^2234L-^ 
^ it 1^ « ife -f^ #7 1 5 ' #, ffi J-X # «K: ^ it 1^ 

^ /:^22 3 JL ^ # ^ -t ^ m !!fe55 » ife.^^;f^#716 ' ffi 

i-i^ ^ -l^ 7^ /:^:2 24 X )if ^ # ^ f: ^ m ^56 <• itb • it 

#717 ' m ^ <\iL ^ 7^222 ^ !^ ^ ^ ^ ^ % ^ m - 
ifca^ ' ^^ife.7t#721)l^it?iL230 ^^i?.ife.;jt2 3iaifc>iL 
232 • » Se.i;5r^^^^it#721|!|7t^^^#723.S.724:^fa1 

6^ ;^ir ^ J6 U # ^722 ^ ^'J m it 2 3 1 ^ it 7^232 f A - 
^ ^ 7^ -k ^ ^ 7^ m a " m • it #723 # lit it ?it231 

3. ^ A n ^ ^ ^ tfL ^u58 ' fln it -f^ *^ #724 # it ^4:23 2 J- 

' ^s"]^S.7t#73#.|^jLii^'i:-^m!^55 >56 ^57 ^58 
^5 9 a it -fr - IK >4 S » ;5P^ ^?-J t ♦ -fs] m tc #73 # ^'J 

Mt^mSfe57^^^tfl.|fe566*;tb^J^>S.l:^tfl^57^€-?^ 
tR. ^5 5 tb ^?'J -ffi. ^ J5, ^ ^ A ^ >^ it ^ ^ ^ ' ii ie. 
-^^'Jffl t^1H.lfe58^€^m^596fj^'fi.'f^^^t^^^'fg^E. 
^tJ6^j^;^m^ o ' ^ife-l^H^^^it^*^ ^t.¥} M' 
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£.-^mmn (15) 

^ ^ ^ ^ ^ ^'l m ^ ffe57 JSi % ^ tfL ^56 tb 'di it t 
J: tfi. ^ » 

4^ * ^fc t ' ^ ^ 'M^ 7^ 7t ^^IIZ - 7 1 4 41 |a f ^ 

. :itog8A ^8C ^ * l$.A > B ^ 
^ • iti^ ' ^;^ife.7t#711 ^712>S.721^^^it^ > 

^ ' 'f?'] ^ ii ^ Tfe ^ ^ ' ^ a )jf Tfe ^> m ;t ^ ^ 

?^ ^ * ^J-i ^ *a ^ 4^ .^J.7 1 ffij -r ' t ^ - ^ M - % 

' ^ ^a: -S: f it 4^ ^ ^ ^ A ' ?P T ^'J « 4^ 

^ #i 41 it ;{ro ^ it ^ ^ -ft ' # ^ il: #'J J5'J -i: 6^ /l^ ^ >^ ° 
^^T^ ' 7fe.^?^;&7t#713^#:St>^*#4^A^^^>iL-fe 

^ IF it # ^ §p1 .i» *t it # ' :fto ^ 8 A t ^ * .^A ^ 8C 

^ ^ i^kl ( f: ^ m 5 6 1^ a t ^ IH. 1^5 7 tb f^-J -ttL ) ^ 

7F • IS) Hip . # 'j ffl Tfc ^iL X. # 7 1 4 itJ IS. ife. it 7t 
713ffi3^^iB4L7fci*:2 23 ' ^7fe.^4^'l±:&n®8A^*^B^8C^ 

# .^B ( t ^ m M:5 5 1^ J-X ^ tH !^57 6^ tb <t ) ' -fit ^ ^. 

% ' J-X it fi it ;^ #J i# *r >^ ^ a 6*1 - 4* ^ «L 

. ' ^ ^90 m iit ^ ';?iL T ^ ^ ^fe ^ ^ • ^ n %i 
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i > ^B^nm (16) ^ 

^ir^j'jt ' ifc ^ ?t it #71 4 ife. >f^ ;fj^ #71 5 -^r 4' «g. ^ 

m ' -fs] Jig. 70 #73 'ft'f^m €^tfllt;5 7>5L€^m tb ^?'J 

^ ^ ^ ^ m ^ ^ ^ m 7^ ^ 7^ ^ ^ ' ii s& >^ ^'j ffl t ^ m 

1^58 H f: ^ tR. 1^59 6^jJ:<fcl^Jit^^m tt57 m ^ ^ it iH iM. ' 

^ 7^ ^ -f^'J 

^ # ^ 7^ ^ m ill ^ ^ ffl ^ - Tfe. it m t ^ f 'i 

. - m ^ 7t m m ^ - ^ }k ^ }^ -k m :^ ^^7 0a -ko mAE 

Tf: o ^ ^ , .^B ^ ;^ 7 2 # ^ ^ 5. lr ^^-J * 4S ' *a 
l« ^ M .^5.71 a 1^ 7t # 1^ se. 1: Ji ^ IS] ^'h > m tL ^ ^ ft ^ 

^ % iH ^ n " 

^ ^\ ^ 'A ^ ^ ^ ^ U ^ T ffx iiL ' 

■t ^ ' # ife ^iL2 1 0 it /V ^ 7t # 7 1 ' 7t 7t #7 1 1 
:t,lt^®-#')l^7fc^^210^ilife;^220>a7fe.^^2 30 o 

# ^ ' Tfe. it #712 ' ffl i-X it ^-^2 2 0 ^ ife ^iL221 ^ 
7t ^^2 2 2 » ilo it it #713a > ffl i-^t )lf ife. iS. 2 2 1 - ^ ^iL 
it ?t 1^ ' # $>J it ?^225 o it ^ it #714a m it ^-^2 25 ^ 

iti^226.S.it/:^227 » it'f^*St#715 ' ffla#4^iti^226J-)lf 
^#^^^€^1TL^55a<' it -f^^ #716 ' mJ'>^^«llit^iL227 
JL ^ # ^ ^ € m M.56a « it -f^ ^ #71 7 ' m ^^^A 
222J->l6^*#^^^t^tfl!^57a » 

lib 8f ' it it # 72 1 # it >-*.2 3 0 ^ t& * |5] it >^ 
231Ait>iL232 <• ' S^.4;^^-^itit#721^it'^^^#723 
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i ^ ^mnm (17) 

:Sl124: ^ m-^ }^ ^ S.- m ^ A722 ^ m m ^ 7^231 ;SL ^ ^ 

ft ' -f^T ag. it #73 ^ _L iiiL t -1^ m !fe55a ^ 56a > 
57a ^58a>a59aJ'Xit;ft— - ^ifc ' 7t^^7 3 

^'J^ €-^m!^57a^t^mife56a6<j tb'f?'J^^€-?^tfl^5 7a 

^ € ^ m ^ 5 5 a 6fj tb ^?'J ^ ^ 41. 1^ ^ A ^ >iL -i: it ^ -f^i 
' ii Se. #'J ffl € ^ tH. 3^58a ^ ^ m !^59a ^ ^ ^ ^ 

m & & <^ ^ m ^ ^ M. o ^ ^ » Ji,it-#^ifl^^7fe.^& 

*^^b6fj^i!J^I^ ' <jl^-5r^'Jfflf:^mM.5 7a>S.t^1H.?^5 6a 

§^ tb #J -Ct ^ t m Ife57a % ^ -m. IfeSSa 6^ tb #J 1^ 

^ A m ^iL -S: >^ it ^ ^ ♦ il se. ^ ffi t m ^ 5 8 a ^ f: 

^m!!l59a6*iJ:'ttLl^at:-^m!l;57am#^tb^?'J^ 

1^ ^ >a -fs] m ^ f 'J 6<j ^ ;a m ^ ° 

;^ ir ^fe ^?'J t ' 7t ^ it 7t # 7 1 3 a ^ -i: 1^ f it ^ §a 
,^ ^ ^ ^ BI 8B ^8D t ^ * .^A ' it. # it i^ 7t #714a 
-^^fia^:^B^i%^|^,:/j;a]-^gI8B^8Dt^#.^B « 0 
lib ' f:^m5!fe56al^J'Xt-f-tfl^57a5p:i(og|8Bi^,8Dt4LA^ 
B2 ' €^m5^55af^i'X't-7-tR^5 7aep:itoB|8B^8Dt^*.t$. 
B ' n.-^ n ^ M m t-^m^55a - 56a^57a^t^^t^^>5t4^ 

-R: >iL it ^ -ftl # » 
1^ -b ir ^fe -f?'J 

n $- n.m'o ' 4^ # 1^ -fc ^ ^^-J ^ ffl ;^ — ife. it m I. 
tfef'J-Tt^^7t#^/t^tb^-7feiiL^>^-^#^tS:#80^ 
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i ^ (18) I 

^ - urn ^ m ^a.Sl - - .^ya Wi ^ m ^S2 :SL - 7t #83 - ^ 

^ tS: ^80 ^ "It ' it i!§ * ;t tS: ^80 A ^ f<J ^ 7t30 
Tfe, ^^.3 1 0 6^1 >fs] J3B. ^ f'J ^ 1^ ^ tIg 1 0 » 

^ «fe ^^-J t ♦ *a ^ ^ M8 1 ^ :t — ifc it #8 1 1 ^ 
812 ^ =-^^/m>iL7C#813 >814 ^815^E97t.'f^^7C# 
816 ^817 ^818 - 819 <> ^^ife.7t#811 - S12 A ^ M ^( ^ 

m 7f^.) " ^ m ^ m m.s2 ^ ^ ^ - ^ 7t ^'¥S2i ^ - si: ^ s.- 

J& H # :R:(Fabry-Perot E.talon)8 22 ^ — tIo -f^ it # 8 2 3 
>a.824 ♦ ^ 7t m M. -kp ^ — ^ <H 

^ t if'} ^ -k :^ ^ m -ko T m ^ • 

-i- ^ ♦ # it ^*:310 it ^ ^ ifc 7t #81 Ml. ' ^ it it #81 1 

' ^7feit#812 ' m i^J^ m ^ >k320 ^ }^32l ;SL 

^7^322 o it. ?t it #813 ' m i^J^ m ^ 7^321 ^ ^ 7^323 
^ ^7^324: o Tfc * it it #814 ' ffl a ifc ?iL3 2 3 6<j - ^ 
it it 1^ » Tfc ?t it # 8 1 5 ' ffl a - it it 6^ 

7fe>iL323^^^>iL325^7fe>^326 ° it -f^^ #819 ' 

it^:i322j-;if^#^^'i:^m^540 <» it -(^^ #818 > «a 

^ "It it ^:^324 J. ^ # ^ € ^ m ^530 o it^^*^#817 ' 
« i-X ^ "It it ^^1326 J-)l#*#^^f:-ftfl ^520 » it -f^ ^ # 
816 ' ffia#.l^iti^325J-;lf^#^^t-^mm510 o 
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i ' €-a^t8,8^ (19) 

ifcBll- . ^ 7t ^^S2l !^ ^ 7^330 ^ m ± ^ m ^ ^ }^ 
331 A ife. >.^.332 - ' ae. ^ ^ ifc it -(+821 ^ Tfe -f^ #823 

^S2A ¥] >4r ^ M.- J6 H m ^ *82 2 ^ ;5>J ^If ^ >:4:3 31 A it 

^^332 t * - # ^ -R: Tfe >^ ^> ^ A ' ^ 4^ # ;5'J A Tfe. -f^ 
;f5^ #823 A824 ^ ' JL ^ ^'J # 4^ ^ t -f- m !fe5 5 0 .S. 5.6 0 » 

' 'f5]m7t#83^«ltt^m^550 - 560 - 540 - 
5 3 0 - 5 2 0 - 5 1 0 J-X it ^ - m !^ >4 S •> 7t i^3Z i% M m € 

^m!^540|^ti^m!^5306^tb#J'{i. > •t-^m5^540|^t^ 
tfl ^520 6^ bb ^?'J <i: - ^ € ^ m ^540 ^ -7- m ^5 1 0 bb ^?'J 

^550 II t -f- IK ^5 60 -dL ^ «^ ^ -f^ m ^ f'J m ;^ 

m ^ » 

lr «fe #J t ' * it >^ it # 8 1 3 - 8 1 4 >S.8 1 5 II 
A - * I^B ^ * ° 

^ )if #j ;5'j -i: 6^ ^ ;f/f >^ it - ^ ^ ' 5p ^ [5] m t 

-^m!l;510 > 520 - 5 3 0 54 0 ^ 1^ ^ ^ -6^ m >iL it 6fj 

' ?p€-^^530l^j'X^^mf|;540*i®9At^*^A^ 
7F ' €^mil;520l^a^^m!fe540:ftog|9At4L*I^B2m 
7F ' ti^tfL^510l^at^1fl!^540:i(aai9At^#.^Cm 

iF ' m m ^ ^ ^ m ^ ^ ' 'f2i:M'Ci:6^^'fbi^.i;it#i- 
^ ^ A it - ^ ^ ' sj^ ^ M ^ ij^ n m ^ m m ^ Jk ^ n 

#'J J5'J -R: 6^] ^ # >^ it - ^ iih il: « 
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i ^ ^mmn (20) 

^ ^ 1^ IT ^ #J ^ ^ ^ ^ ffi ^ — ifc it m M. t ^ 

-■=rt^^it#^^tH ^ - ^ 71^ ^ }^ -k ^ ^ i^SOa ^ B|6^/f 

o ^ itt ' m ^ m ^3.82 m ti ^ ^ 7t M ^ ^ 

m ' ffQ ^ 1^ ^ ^ ,^a81a ^ ^ — it 7t #81 1 >5L812 - e9 <^ 
it>-^/t#813a -814a -815aA820 - ^fe. -f^ tc # 8 1 6 - 
817 - 818A819 » itbt ' l^7tf^^tj^^7t#813a ^814a.S.820 
ffl it ^ ^. ^ -t ^ ^^.J ^ ' * >to 7t # i^J |a ^ 4r ^ ;5& <?'J 

^ ^^-J ^ ^ f 'J i§ a T m i4 : 

-r^ ' •t7fe^iL310it^^^7fc.ic#81MI. ' ^^ife.7t#811 
^ m ^ m ^ y^3l0 }^ ^ }^32Q 3. ^ }jk33Q " 

^ *4 ' ^^itit#812 ♦ m m- ^ >^'i2Q ^ y^2>2l 3. 

^ i^322 " ife ^ it >^ 7t #81 3a ' m J-X >^321 - >iL 

it 1^ ' # m ^ ;;iL323a » it. ^ >iL it #8 14a > m J-X >if ^ >^ 
323a ^^^7fe>^324a^7t>iL 325a ° 7fe,*;tj^^;^#815a ' ffi j-x 
^if it ?^324a ^ ilc. ^^326a Tfe. ^^327 « it it # 8 2 0 > 

ffl a it >^3 26a 6<j - ^ >^ it it 1^ ' # i'J it i^3 28 = it -f^ 
;f5^#819 ' m J-X^»j^iti^322J->lf^#^^^€-^mm540a » 
it -f^ ^ #818 ' ^ a ^ it ^iL325a J. ^ # ^Jl ^ t -f- m !^ 
530a o it^^^#817 > ffi iX#i|^riti^327X;l^^#^^t^ 
tR^520a» it #816 » fflJX^«jtit?:&328JL;|f*#^^^ 

• ^ ^ m 5^51 Oa » 

itb . it it #821 Jlf it i&33 0 ^ ^ 1^ 4 I^] ^ it iil 
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i ^ ^mt^m (21) 

A824 ^ ^ S.- m m ^ *822 ^ ;5'J Jl^ ife. >^331 .81 

}^332 f ^ - ^ :^ 7^ -k ^ ^ }^ m ' -^^ ^4 # ;5'J * ife. 

;t^#823^824^i|^ ' JL^;5'J#^^^t^1K!l:550aa560a <> 
^^1. ' ^=]m7t#83^i|t€-^m?fe550a - 560a - 540a - 
530a - 520a -SlOaJ-Xite-tR^^S » 'fsjJiB.7t#83#, #'J« 
€-^mil;540a|^ti^m!fe530a§^tb{?'J#. - €-^tfl^540a|| 
€i^tfL^520a6^jtb'f?'J<i: - ^'t-?-m^^u540a|af;^tfL?^51Ga 

^ it it ^ m.m ^ ^ ^ m -k }k ^ ^ . ii se. ^ ^ 

l:^m!l:5 50a.:^'i:-f-1fl^560a6fiJi'£i.^.%^l^^^>f=Tflg.^ 

^ 6^1 ^ m ^ o 

^tf^iH^ ' tIg it >iL 7t #81 3a - 814a - 815a A8 20 

^ -k ^ ^ ^ ^ ^ m r^^ ^ ^ ^'i -kP m ^ ^ ^ - b - c 

>S.Dm:^F • m it ' l:^tfl.!l;530al^at^mf|540a:itoB|9B 
t4L^|^B2 ' €-^tfl!^520al^a't-f-tfl?^540a:^BI9Bt^ 
^ .^C2 ' € tfl 51:5 1 Oa J-X t m 1^540a :^(n Bl 9B t ^ * 
D2 ' M.^f5]Bf^.Jffi^^ta^540a - 530a - 520a#o510a^>^ 
^ ^ ^ m ^S: -fe ^4: it -ffc ^ ' ii. se. >^ ^'J ffi € ^ tfi M;5 50a 
1^ € m !^5 60a ;^ ^ -ft >^ m ^ ^ ^5-] a ^ f'J ^ ;^ m 
» (5] m ith. ' IE ^49 2 ^ it ^ ^ ^ ^ ^fe 6^ ^ ' # 

m n m 7^ -k ^ ^ff ^ ^ - ^ ^ ^ « 

^ >i t 6^ ^ ' -it -L i^: -f® ir ^ #J t » ^ ^ it # 4^ 

^^n^^^}&^y>t)^ - i^it^jL?t7b>l (High Pass 
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i ^ ^mmn (22) ^ 

Fi 1 ter) ^ 'fg. it jL >t ^ >} (Low Pass Filter) > # # 

@ t& it ' ^ m ^ ^ ^ 7t m ^ «• 

itb ' 'j'L it -fS * ^fe ^?'J t ' S& £ - ^ ^ -ft ^ ^ tIg 7t 
#;!?^M^^;m.^tiH■^^itm#^fie.S.^^lt^^#a^:l'^6<J 

-0.012>^ ' ^ ^ ^ ^ ^ M: }^ :}^^ ^^SO 

^ 7t # ^ ^ It: IJ. 'f^ J|7 ^ 7t it # » 

X ' >i5L iilt ^ -fa t ' se. S. it ^ it /t # 6<i a ^ 

m ^ ^ m ^ ^ ^ n 7k ^ >k -k ^ ^ » 

15] ' ^ J:. iiJL ^SI # ^fe ^?'J t ' S& 1. # " M ^ ^ ^ >i: 
Ji ' # e. ^'J ffi * 1^ #J A H * ^ -fS «fe ^?'J ^ 
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i ^ ^B^t^^n (23) 

-f® #J -fe itb ^ ^ 7F 'f± /fij 1^ 

m :^ }i: ^ ^ ^ ^ >fb JSLi^ SL iH 

m * t * M i£ 



'i± ' Bp ' ^ m ^ 
^ ^ % m " s itb ' 

gl ^ ;&o a ^ o 




® 2A # - M tt 



12B If 

# ai ; 

® 3 A — 7F 
tS: # 6<j Se. £ ^ ; 
® 3 B # — 

-ft i& £ ^ : 

® 3 C # — Tf: t> 

^ # 6*1 ae. S ^ ^ : 
® 3 D #, — :t 

# 6^ se. £ ^ *4 ; 
@ 4A # — S 

t5t # se. £ 1^ ^ : 
Bl 4 B # — * 



!^ ^ -R: ^ >!i ^ € M .2, ^ BM^^ 

^ 7F # ^ - ;5fe #J >^ -R: ^ 

^ ;^ ^ ^ #J :^ >^ -R: # ^ 

ilM 7F ^ # ^ ^ ;5fe m 

m m ^ ^ ^ ^ }^ -km ^ 

m m ^ s.^ m <h ^ * # ^ 

HI 7F ^ # B^ 1^ ^ ^ ^fe #j i& -R: ^. ^ 



tSL^ ^ Sl m ' 

® 5 - ® • ill # ^ -b ^ iH ^ ^iL -R: # ^ 



tS: # se. ^ ^ ; 

Bi 6 - * a 

^ s. m m ; 

fflTA # - M tt 



m Tf: ^ ^ ^ -f?.] ^ ^it -R: 
• >^ -R: II f it # ^ ^ it ; 




MSB - m n m ' m ^ ^ ^ ^ ^ ^ ^ m 
gi 8c - If ffii ' m 7^ -k ^ ^ ^ ^ ^ ^ u 

ii 9A # - If ® ' m^f^iik-k^tit^^^^m'ik^ 

ai 9B - M tt SI ♦ II ^ >^ -P: f it # ^ >2s, ^ M 

® 1 1 A J. @I 1 1 I # m ^It « ^ ^ m ^Kj -L ^£ 

g| 1 2 - It SI ' II ^ >^ -fe 1^ m ^ € ^ ;^ ^ 1^ i-x ^ :|t 
Tfe. >^ m ^ € M 'a ^ \i/ ^ M #^ » 

it # # !fe tjj 

1 ^ 1 0 ~ ^ 1^ ^ it 

2 >20~7fe,^it5^ 

3 ^ao-^f-j^Tt 

4 >60 - 60a - 60b - 60c - 70 - 70a - 80 - 80a~^it.-g:^^^t5: 

4 1 ~ it ^ 

44 - 45 ~ it ^ it -f^l- 

6 3 - 7 3 - 8 3 ~ -fs] flg. it 4 



L 
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51 - 52 - 53 > 54 - 51a - 52a > 53a - 54a - 51b - 52b - 
53b -54b >51c -52c -53c -54c -55 -56 -57 -58 -5 
55a -56a -57a -58a -59a -510 -520 -530 -540 -550 - 
560 - 510a - 520a - 530a - 540a - 550a - 560a'-'^^m?fe 

61 - 61a - 61b - 61c - 71 - 71a - 81 - 81a~^l^^^,la 

62 - 62a - 72 - 82~.^«t^^M.^ 

11 M2 -13 -110 -120 -121 -122 -123 -124 -130 - 
131 -13 2 -133 -134 -140 -150 -160 -170 -180 -210 - 
220 - 2 2.1 -222 - 223 - 224 - 225 - 226 - 227 - 230 - 231 - 
232 -310 -320 -321 -322 -3 23 -323a -324 -324a - 

3 2'5 - 325a - 326 - 326a - 327 - 328 - 330 - 331 - 332~^ 

611 -611a -621 -621a -615 -711 -712 -721 -811 - 
812 - 821~^^7fe,7t# 

612 -612b -612c -713 -714 -713a -714a -813 -814 - 
815 - 813a - 814a - 815a - 820~7fe^it. i&it# 

4 2 - 43 - 622 - 722 - 822~>i:^j:-J&ll^^^:R- 

613 -614 -623 -624 -715 -716 -717 -723 -724 -816 - 
817 - 818 - 819 - 823 - S2A ^ ^ 7t 

90 - 91 - 92—11 ^4 
4 01 ^ m^Mh 
402 ~ ^ ^ m 5^ 





7^ ^ ^n$-^mm 
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